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1 . A bulk fluid flow gate comprising: 

a first fluid flow chamber; and 

at least one electrode op«ative when energized to generate an electric 
field in the first fluid flow chamber; 
wherein the first fluid flow chamber comprises 

a first fluid inlet port configured to receive bulk fluid flow into the first 
fluid flow chamber, 

a first fluid outlet port configured to pass bulk fluid from the first 
chamber, 

a second fluid inlet port configured to receive sample fluid flow into 

the first fluid flow chamber at a location between the first fluid inlet port and 

the first fluid outlet port, and 

a second fluid outlet port configured to pass fluid from the first fluid 

flow chamber, the first fluid outtet port and the second fluid outlet port being 

on opposite sides of the first flxiid inlet port, 
the bulk fluid flow gate when receiving a bulk fluid flow into the first fluid flow 
chamber via the first fluid inlet port and simultaneously a sample fluid flow into the 
first fluid flow chamber via the second inlet port, presenting greater hydrodynamic 
resistance to passing fluid fiiom the first fluid flow chamber via the second outlet port 
than via the first fluid outlet port. 

2. The bulk fluid flow gate of claim 1 wherein the first fluid flow chamber is a 
micFoscale diamber. 



3. The bulk fluid flow gate of claim 1 wherein the second fluid inlet port is 
configured to receive fluid flow into the first fluid flow chamber at a flow rate lower 
than the first fluid inlet port. 

4. The bulk fluid flow gate of claim 1 wherein at least a pair of electrodes is 
positioned proximate the first fluid flow chamber, being operative when energized to 
generate an electric field operative.in the first fluid flow channel to move charged 
analyte received into the first fluid flow diamber via the second inlet port toward the 
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second outlet port through a fluid flowing from the first inlet port to the first ouflet 
port 

5. A bulk fluid flow gate comprising: 

at least one electrode for generating an electric field; 
a first chamber in communication with the at least one electrode, the 
first chamber comprising: 

a first entry port for introducing bulk fluid into the first chamber, 

a first exit port for exiting of bulk fluid firom the first chamber, 

a second entry port positioned between the first entry port and the first 

exit port, the second entry port for introducing sample into the first 

chamber, and 

a second exit port, 

in which bulk fluid introduced through the first entry port experiences substantially 
greater hydrodynamic resistance at the first exit port than at the second exit port. 

6. The bulk fluid flow gate of claim 5 in which the bulk fluid flow gate 
comprises an electrode pair. 

7. The bulk fluid flow gate of claim 5 in which the bulk fluid flow gate 
comprises an electrode array. 

8. The bulk fluid flow gate of claim 5 in which the first entry port is positioned at 
an obtuse angle to the axial direction of the first chamber. 

9. The bulk fluid flow gate of claim 5 in which the first chamber fiirfher 
comprises separation media selected firom the group consisting of molecular sieves, 
ion-exchange media, and size exclusion media. 



10. The bulk fluid flow gate of claim 5 in which the first exit port is positioned 
downstream firom the first entry port and the second entry port, and the second exit 
port is positioned upstream fix)m the first entry port, the second entry port and the first 
exitjKirt. 
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1 L The bulk fluid flow gate of claim 5 in which the first entry port is moveable 
through an obtuse angle to the axial direction of the first chamber. 

12. The bulk fluid flow gate of claim 5 in which each of the first and second exit 
ports is positioned parallel to the axial direction of the first chamber. 

13. The bulk fluid flow gate of claim 5 further comprising an electrode housing 
containing the at least one electrode. 

14. A method comprising: 
providing a bulk fluid flow gate comprising: 

a first fluid flow chamber; and 

at least one electrode operative when energized to generate an electric 
field in the first fluid flow chamber; 
wherein the first fluid flow chamber comprises 

a first fluid inlet port configured to receive bulk fluid flow into the first 
fluid flow chamber, 

a first fluid outlet port configured to pass bulk fluid firom the first 
chamber, 

a second fluid inlet port configured to receive sample fluid flow into 
the first fluid flow chamber at a location between the fixst fluid inlet port and 
the first fluid outlet port, and 

a second fluid outlet port configured to pass fluid firom the first fluid 
flow chamber, the. first fluid outlet port and the second fluid outiet port being 
on opposite sides of the first fluid inlet port; and 
substantially simultaneously: 

passing a flow of fluid sample comprising at least one analyte into the 
first fluid flow chamber through the second inlet port; 

energizing the at least one electrode to establish an electric field in the 
first flxiid flow chamber; and 

passing a bulk fluid flow into the first fluid flow chamber through the 
first inlet port, 

the bulk fluid flow gate presenting greater hydrodynamic resistance to passing fluid 
fi-om the first fluid flow chamber via the second outlet port than via the first fluid 
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outlet port and the electric field moving at least a portion of the analyte received into 
the first fluid flow chamber via the second inlet port toward the second outlet port 
through fluid flowing firom the first inlet port to the first ouflet port. 

15. A method comprising: 

providing a bulk fluid flow gate comprising: 

at least one electrode for generating an electric field, 
a first chamber in communication with the at least one 
electrode, the first chamber comprising an first entry port, a 
first exit port, a second entry port positioned between the first 
entry port and the first exit port, and a second exit port, 
introducing a sample comprising at least one charged analyte into the 
first chamber through the second entry port; 

applying an electric field to the first chamber; and 
introducing bulk fluid into the first chamber through the fixst entry 
port, in which the bulk fluid flows substantially against direction of migration 
of the at least one charged analyte in the electric field of the first chamber, the 
bulk fluid flowing with suflBcient hydrodynan:iic force such that the 
hydrodynamic resistance at the first exit port is substantially greater than the 
hydrodynamic resistance at the second exit port. 

16. The method of claim 15 fiarther comprising eluting the charged analyte firom 
the second exit port. 

17. The method of claim 15 fijrther comprising eluting the charged analyte fi-om 
the first exit port. 

18. The method of claim 15 in which the bulk fluid flow gate comprises an 
electrode pair. 

19. The method of claim 15 in which the sample is introduced into the first 
chamber using an injector. 

20. The method of claim 19 in which the injector is an auto-injector. 
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21. The method of claim IS in which the buUc fluid flow gate comprises an 
electrode housing containing the at least one electrode. 

22. The method of claim 21 further comprising flowing coolant into the electrode 
housing. 

23. The method of claim 15 in which force of the electric field exceeds 
hydrodynamic force generated by bulk fluid flow so that the analyte migrates towards 
the second exit port. 

24. The method of claim 15 fiirther comprising applying an electric field gradient 
to the first chamber. 

25. The method of claim 15 further comprising applying a solvent gradient during 
introduction of the bulk fluid into the first chamber or a velocity gradient during 
introduction of the bulk fluid into the first chamber. 

26. The method of claim 15 further comprising adding lipids, micelles or vesicles 
to the sample prior to introducing the sample into the first chamber. 

27. The method of claim 15 further adding a detergent to the sample prior to 
introducing the sample into the first chamber. 

28. A method of separating a plurality of charged analytes comprising: 

providing a bulk fluid flow gate comprising: 

at least one electrode for generating an electric field, 
a first chamber in communication with the at least one 
electrode, the first chamber comprising an first entry port, a 
first exit port, a second entry port positioned between the first 
entry port and the first exit port, and a second exit port, 

introducing a sample comprising a plurality of charged analytes into 
the first chamber through the second entry port; 

applying an electric field to the first chamber; and 
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introducing bulk fluid into the first chamber through the first entry 
port, in which the bulk fluid flows substantially against direction of migration 
of the at least one charged analyte in the electric field of the first chamber, the 
bulk fluid flowing with sufficient hydrodynamic force such that the 
hydrodynamic resistance at flie first exit port is substantially greater than the 
hydrodynamic resistance at the second exit port. 

29. The method of claim 28 in which the bulk fluid flow gate comprises an 
electrode pair. 

30. The method of claim 28 in which the sample is introduced into the first 
chamber using an injector. 

3 1 . The method of claim 28 in which the injector is an auto-injector. 

32. The method of claim 28 in which the bulk fluid flow gate comprises an 
electrode housing containing the at least one electrode. 

33. The method of claim 32 fijrther comprising flowing coolant into the electrode 
housing. 

34. The method of claim 28 in which force of the electric field exceeds 
hydrodynamic force generated by bulk fluid flow so that at least one of the plurality 
of analytes migrates towards the second exit port. 

35. The method of claim 28 further comprising applying an electric field gradient 
to the first chamber. 

36. The method of claim 28 fiirfher comprising applying a solvent gradient during 
introduction of the bulk fluid into the first chamber. 

37. The method of claim 28 fiirther comprising applying a solvent gradient during 
introduction of the bulk fluid into the first chamber or a velocity gradient dviring 
introduction of the bulk fluid into the first chamber. 
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38. The method of claim 28 further comprising adding lipids, micelles or vesicles 
to the sample prior to introducing the sample into the first chamber. 

39. The method of claim 29 further adding a detergent to the sample prior to 
introducing the sample into the first chamber. 

40. A system for separating analytes comprising: 

a bulk fluid flow gate comprising at least one electrode for generating 
an electric field, a first chamber in commimication with the at least one 
electrode, the first chamber comprising an first entry port, a first exit port, a 
second entry port positioned between the first entry port and the first exit port, 
and a second exit port; 

an injector in communication with the second entry port of the first 
chamber; and 

a detector in communication with the second exit port of the first 
chamber. 

41. The system of claim 40 further comprising a detector in communication with 
the first exit port of the first chamber. 

42. The system of claim 40 in which the injector is an auto-injector. 

43. The system of claim 40 or 41 in which the detector is selected fi-om the group 
consisting of UVA^isible detectors, nuclear magnetic resonance detectors, infirared 
detectors, fluorescence detectors, electrochemical detectora, and mass spectrometers. 

44. The system of claim 40 fiarther comprising an electrode pair operative to 
generate the electric field. 

45. The system of claim 40 further comprising an electrode array operative to 
generate the electric field. 
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46. The bulk fliiid flow gate of claim 1 wherein the first fluid flow chamber is a 
packed chamber. 

47. The bulk fluid flow flow gate of claim 1 wherein tiie first fluid flow chamber 
is an un-padced chamber. 

48. A fluid flow gate comprising: 

a microscale first fluid flow chamber; and 

at least one electrode operative when energized to generate an electric 
field in the first fluid flow chamber; 
wherein the first fluid flow chamber comprises 

a first fluid inlet port configured to receive fluid flow into the first fluid 
flow chamber, 

a first fluid outlet port configured to pass fluid firom the first chamber, 

and 

a second fluid outlet port configured to pass fluid firom the first fluid 
flow chamber. 

49. A fluid flow gate comprising: 

a first fluid flow chamber; and 

at least one electrode operative when energized to generate an electric 
field in the first fluid flow chamber; 
wherein the first fluid flow chamber comprises 

a first fluid inlet port configured to receive fluid flow into the first fluid 
flow chamber, 

a first flxiid outiet port configured to pass fluid firom the first chamber, 

and 

a second fluid outlet port configured to pass fluid firom the first fluid 
flow chamber, 

the fluid flow gate when receiving a fluid flow into the first fluid flow chamber via 
the first fluid inlet port presenting greater hydrodynamic resistance to passing fluid 



51 



wo 2004/104457 

PCTAJS2004/015934 

from the first fluid flow chamber via the second outlet port than via the first fluid 
outlet port. 
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